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Abstract: Background: In patients with motor fluctuations complicating Parkinson’s disease (PD), delays in
time-to-ON with levodopa are common. This open-label study aimed to assess the effect of apomorphine on
time-to-ON in PD patients with morning akinesia.

Methods: The safety population included 127 enrolled patients, and the full analysis set (FAS) included 88
patients. Patients completed a 7-day levodopa baseline period recording their time-to-ON following each
morning dose of levodopa. Patients were titrated to an optimal dose of apomorphine (2-6 mg) while taking
trimethobenzamide antiemetic therapy. Apomorphine was injected each morning for a 7-day treatment period
and time-to-ON was self-recorded in 5-minute blocks. The primary efficacy variable was time-to-ON in the
apomorphine treatment period versus the baseline levodopa period. Secondary assessments included and
global impression scales. Safety and tolerability were assessed through adverse events (AEs).

Results: Patients receiving apomorphine achieved mean + standard deviation (SD) time-to-ON

23.72 + 14.55 minutes, reduced from 60.86 + 18.11 minutes with levodopa (P < 0.0001). Dose failures (defined
as time-to-ON >60 minutes) were more commonly reported with levodopa versus apomorphine (46% vs. 7%
of diary entries, respectively).

Secondary endpoints supported the primary efficacy findings, with significant improvements from levodopa
baseline to apomorphine treatment period (all P < 0.0001). The most common AEs were nausea and
dizziness. Most patients who discontinued because of AEs did so in the titration phase.

Conclusions: Apomorphine injections significantly reduced time-to-ON in PD patients experiencing delayed
onset of their morning levodopa dose, and was well tolerated in most patients. After apomorphine treatment,
fluctuating patients with morning akinesia experienced rapid and reliable improvement of time-to-ON.

The development of motor fluctuations is a key limitation to the intake to the patient turning ON can often be a major contribu-

long-term management of Parkinson’s disease (PD) with levo-
dopa (L-dopa). After motor complications develop, some patients
can experience multiple OFF episodes per day, and with disease
progression, the cumulative daily OFF time can account for
<50% of a patient’s waking day.'> The latency from t-dopa

tor to total daily OFF time.* ® Delays in turning ON reflect a
delay in the absorption of L-dopa and a subsequent delay in cross-
ing the blood—-brain barrier. This may be a result of delayed gas-
tric emptying (gastroparesis), presence of intestinal protein that
competes with L-dopa absorption, bacterial overgrowth, and/or
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pharmacodynamic effects.®® Prolonged morning akinesia, during
which time patients remain in an OFF state in advance of a thera-
peutic response from their first morning r-dopa dose, is a
common clinical manifestation in patients with delayed-ON.
Because intestinal protein is not usually present on awakening, it
is likely that prolonged morning akinesia reflects delayed gastric
emptying or ill-defined pharmacodynamics factors.

Conventional oral adjunctive therapy to L-dopa, including oral
dopamine agonists, monoamine oxidase (MAQO) inhibitors, and
catechol-O-methyl transferase (COMT) inhibitors, is often used
to manage the symptoms of end-of-dose wearing-off, However,
although these treatments reduce total daily OFF time, most
patients continue to experience residual OFF time, which may
reflect delayed time-to-ON, dose failures, and suboptimal ON
response. None of these oral strategies eftectively shorten the time
to onset of L—dopa.4‘9 The potent dopamine agonist, apomor-
phine, can be administered as an acute subcutaneous injection and
thus its onset is not affected by gastroparesis nor by impaired
intestinal absorption. Several randomized, controlled studies have
demonstrated that in patients with motor fluctuations, subcuta-
neous injection of apomorphine provides a rapid and reliable L-
dopa-like ON effect within 8 to 15 minutes in most patients.'* ">

The aim of this study was to assess the effect of a subcuta-
neous injection of apomorphine in PD patients with prolonged
morning akinesia relating to delayed or unreliable onset of ben-

efit after their first morning dose of L-dopa.

Methods

This was a Phase IV, multicenter, open-label study of subcuta-
neous apomorphine injections in PD patients with morning aki-
nesia resulting from delayed or unreliable onset of oral L-dopa.
The study was sponsored by US WorldMeds LLC, and was
conducted from December 2012 through April 2014 at 12 U.S.
study sites. It was conducted in accordance with Good Clinical
Practice guidelines; U.S. Code of Federal Regulations (CFRs)
dealing with Protection of Human Subjects (U.S. 21 CFR Part
50); the Nuremberg Code; and the Declaration of Helsinki.
The study was approved by each of the participating site’s Insti-
tutional Review Boards, and all patients provided written
informed consent to participate. The study is registered with
ClinicalTrials.gov (NCT01770145).

Study Population

This study recruited adult PD patients (>18 years old) currently
treated with L-dopa and with morning akinesia. Eligible patients
had to have a modified Hoehn and Yahr stage of I to III during the
ON state and receive optimized 1-dopa therapy at a steady mainte-
nance dose for at least 4 weeks. Morning akinesia was defined as a
minimum subject-reported time-to-ON of 45 minutes or more
following their usual first daily 1-dopa dose for a minimum of
3 days during a 1-week baseline diary period. Eligible patients had
to be able to adequately differentiate between and describe varia-
tions in ON and OFF states. Key exclusion criteria included: use
of 5-HT; antagonists, use of medications for gastroparesis (ery-

thromycin, cisapride, metoclopramide), a history of poor compli-
ance and/or follow-up, and any serious medical or psychiatric
conditions that, in the investigators’ judgment, would make study

participation unsafe or make treatment compliance difficult.

Study Design

A screening window of <5 days was permitted to allow investi-
gators adequate time to determine eligibility criteria (Visit 1).
At this visit, Unified Parkinson’s Disease Rating Scale
(UPDRS) motor scores were assessed while patients were in
their reported “best ON” state. After they entered the study,
patients completed a 7-day baseline period during which, atter
taking their usual first L-dopa dose, they recorded in a supplied
diary their motor state (i.e., OFF or ON) every 5 minutes until
ON was achieved or until 60 minutes had passed (practically
defined as dose failure). This record of daily time-to-ON fol-
lowing their regularly scheduled morning dose of r-dopa was
then reviewed to determine whether the inclusion criteria for
morning akinesia were met. If so, at the end of the baseline
period all patients started trimethobenzamide antiemetic therapy
(3 days) and returned to the clinic for apomorphine titration to
identify optimal apomorphine dose (Visit 2; throughout a maxi-
mum period of 11 days). During titration, dose increases were
permitted at the subject’s next observed OFF period, but no
sooner than 2 hours after the previous apomorphine dose. A
maximum of 3 clinic visits (during the 11 days) were permitted
for dose optimization. Optimal doses were defined in the pro-
tocol as the apomorphine dose achieving >90% of the subject’s
“best ON” UPDRS motor score (as recorded during the
screening visit) within 15 minutes after subcutaneous injection
of apomorphine and without intolerable side eftects. In the
United States, apomorphine is only available at a concentration
of 10 mg/mL and is not dilutable. Therefore a 2-mg dose is
always administered in 0.2 mL, 3 mg as 0.3 mL, and so forth.

Before initial injection of apomorphine, UPDRS motor
examination was recorded in the OFF state. During the titration
period, the dose of apomorphine was gradually escalated in
increments <2 mg from a starting dose of 2 mg (0.2 mL) until
each individual subject achieved an optimal dose, but not
exceeding 6 mg (0.6 mL). After the optimal dose was identi-
fied, patients entered the 7-day treatment period during which
their morning t-dopa dose was replaced by a subcutaneous
injection of apomorphine at the same usual time, followed by
diary recording of motor ON/OFF state at 5-minute intervals.
All other PD medications (agents, doses, and timings) remained
unchanged during the study. At the end of the study (within
2 days after the apomorphine treatment period), patients
returned to the clinic for final assessments (Visit 3).

Assessments

Using a diary, patients self-recorded their time-to-ON by
marking either “yes” or “no” every 5 minutes until onset of
ON for the first 60 minutes after each morning dose of L-dopa

during the 7-day L-dopa baseline phase and following apomor-
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phine injection in the 7-day treatment phase. ON was defined
as when the subject first felt that their medication was working;
all patients received diary training and their interpretation of
motor state ON and OFF correlated with the investigator dur-
ing the screening period.

Investigators and subjects rated Clinical Global Impressions of
Severity (CGI-S) and Patient Global Impressions of Severity
(PGI-S), respectively, and the EuroQol (EQ-5D) (with respect
to morning akinesia during the previous 7 days) was assessed
before the first apomorphine dose at Visit 2 and at Visit 3.
Modified Hoehn and Yahr stage and UPDRS version 3.1
motor scores were assessed during Visit 1 in the best-ON state,
at Visit 2 in the OFF state before the first apomorphine injec-
tion, and at 15 minutes after each dose of apomorphine (to
identify optimal-dose ON state). Safety and tolerability were
assessed through adverse event (AE) reporting, vital signs mea-

surements, neurological exams, and physical exams.

Statistical Analyses

Efficacy analyses were performed on the full analysis set (FAS)
defined as all eligible patients who completed >5 of 7 days of
diary entries in the apomorphine treatment period. Baseline and
safety outcomes were assessed using the safety population, which
included all patients who took at least 1 dose of study drug.

The primary efficacy endpoint was a change from r-dopa
baseline in average daily time-to-ON by subject diary. For the
analysis purposes, a “dose failure” was practically defined as a
failure to turn ON within 60 minutes on the home diary and
these dose failures were imputed to 100 minutes. Key secondary
efficacy outcomes were changed from baseline in CGI-S, PGI-
S, EQ-5D-3L index score, and EQ-5D-3L visual analogue scale
(VAS) score. Changes in modified Hoehn and Yahr stage and
UPDRS motor scores from the preapomorphine OFF state to
the postapomorphine ON state (for the optimal apomorphine
dose only) were also analyzed as secondary variables. All treat-

ment effects were analyzed using the Student f test.

Results
Subject Disposition

The safety population included 127 enrolled patients, and 97
patients completed the study (Fig. 1). The FAS included 88
(69%) patients; 3 patients did not complete the required 5 of 7
diary days per baseline L-dopa or apomorphine treatment phase,
and 6 patients were later discounted from the analyses because
they did not meet the original eligibility criteria of having a
time-to-ON of >45 minutes for 3 of 7 L-dopa days.

Baseline Characteristics and
Optimal Apomorphine Dose
Levels

Subject demographics and baseline PD characteristics of the
safety population are presented in Table 1. The population
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Enrolled and entered APO titration phase
n=127

Discontinued n=26

Adverse events: n=20

Withdrew consent: n=1

Lost to follow up: n=1

Unable to define optimal dose: n=4

Entered APO treatment phase
n=101

Discontinued n=4
Adverse events: n=3
Withdrew consent: n=1

Included in Full
Analysis Set
n=88

Completed
n=97

Figure 1 Subject disposition. The FAS included all eligible
patients who completed at least 5 of 7 days of diary entries
in the apomorphine treatment period.

comprised predominantly white, non-Hispanic individuals with
mean =+ standard deviation (SD) age 65.20 £ 9.72 years.
Almost half (45.6%) of patients had been diagnosed with PD for
<10 years, the mean £ SD daily
965 £ 990 mg, and most patients received oral adjunctive med-
ication (dopamine agonists, COMT inhibitors, and MAO-B
inhibitors) (Table 1). The optimal apomorphine dose level was
identified as 2 mg in 25 patients (28.4% of FAS), 3 mg in 12
patients (13.6%), 4 mg in 35 patients (39.8%), 5 mg in 12
patients (13.6%), and 6 mg in 4 patients (4.5%). The mean dose

L-dopa  dose  was

of apomorphine in the FAS was 3.5 mg.

Efficacy Assessments

Patients with morning akinesia related to delayed onset of oral r-
dopa had a rapid turning-ON after apomorphine injection. The
mean £ SD time-to-ON reduced from 60.86 £ 18.11 minutes
at baseline with L-dopa therapy to 23.72 £ 14.55 minutes at the
end of the treatment period (reduction of 37.14 + 20.51 min-
utes; P < 0.0001 vs. baseline) (Fig. 2).

Time-to-ON was highly reliable in the apomorphine injec-
tion phase. Almost all subjects (84 of 88, 95.5%) had improve-
ment in time-to-ON. Although dose failures (pragmatically
defined as time-to-ON >60 minutes) were reported for 144 of
310 (46%) of completed diary entries during the L-dopa baseline
week, they were much less frequent with apomorphine injec-
tions (20 of 307 [7%] of diary entries during the apomorphine
treatment week).

Secondary endpoints evaluating quality of life scores and glo-
bal impression scales (CGI-S, PGI-S, EQ-5D-3L index scores,
and EQ-5D VAS scores) supported the primary efficacy find-
ings, with consistent and statistically significant changes from -
dopa baseline to apomorphine treatment period (Table 2).
Objective assessments of motor function confirmed that subcu-
taneous apomorphine injections significantly improved motor
function as assessed by improvements in Hoehn and Yahr stag-
ing and UPDRS motor scores.

doi:10.1002/mdc3.12350
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TABLE 1 Baseline Characteristics

Baseline Characteristic

Male; n (%)
Age (yr); mean £ SD
Duration of PD (yr); mean + SD
Duration of morning akinesia (yr); mean + SD
UPDRS Motor Score (ON); mean £ SD
Duration of L-dopa treatment (mo); mean + SD
Daily L-dopa dose (mg); mean + SD
Use of adjunct medications; n (%)
Dopamine agonists
MAO-B inhibitors
COMT inhibitors
Amantadine

FAS (N = 88) Safety (N = 127)
56 (63.6%) 84 (66.1%)
65.63 + 10.14 65.20 + 9.72
11.63 + 5.95 10.38 + 5.74
4.53 + 3.27 4.23 +2.71
20.36 + 9.71 20.05 + 0.97
57.49 + 85.49 52.09 + 85.66
841 + 512 965 -+ 990

67 (76.1%)
45 (51.1%)
42 (47.7%)
22 (25.0%)

83 (65.4%)
59 (46.5%)
51 (40.2%)
28 (22.0%)

SD, standard deviation; PD, Parkinson’s disease; UPDRS, Unified Parkinson’s Disease Rating Scale; MAO-B, monoamine oxidase; COMT, cate-

chol-O-methyl transferase.

100 1100
90 @ Levodopa baseline period 190
80 B APO treatment period 180
70
60
50
40
30
20
10

Mean * SD time to ON (minutes)
Percent dose failures

Time to ON Percent dose failures

Figure 2 Time to ON and percent dose failures during the L-
dopa baseline period and apomorphine treatment period
(FAS; n = 88). Patients recorded their time to ON after their
L-dopa or apomorphine dose in a diary every 5 minutes by
marking either “yes” or “no” until onset of ON <60 minutes.
A value of 100 was imputed for patients that did not report
turning ON within 60 minutes.

Safety and Tolerability

No new safety issues with apomorphine were observed during
the study. AEs occurring at a level of >5% in the safety population
were nausea (26.8%), dizziness (16.5%), yawning (10.2%), som-
nolence (7.9%), hypotension (7.9%), and vomiting (7.1%). Nau-
sea, vomiting, and hypotension were also the most common AEs
leading to discontinuation (Table 3), and most (20 of 23) patients
who discontinued because of an AE did so in the titration phase.
Most AEs were of mild or moderate intensity. Eleven AEs of sev-
ere intensity were reported in 6 subjects: vomiting (n = 2),
hypotension (n = 2), dizziness, cold sweat, ear pain, jaw pain,
reduced mobility, loss of consciousness, and syncope (all n = 1).
Of these, just one subject accounted for the reports of “loss of
consciousness” and “syncope”; this same subject also had vomit-
ing, dizziness, and hypotension listed as severe (but not serious)
AEs. These AEs were reported to emerge 15 to 20 minutes
following injection of the starting dose of 2 mg apomorphine in
the titration phase, and this subject did not continue in the study.

TABLE 2 Secondary Efficacy Variables (FAS)

Efficacy variable FAS (n = 88)
CGI-S
L-dopa baseline score 4.26 £ 0.92
APO treatment score 3.73 £ 0.93
Treatment effect 0.53 +0.92
P value P < 0.0001
PGI-S
L-dopa baseline score 4.34 £ 0.99
APO treatment score 3.37 £1.30
Treatment effect 0.98 + 1.53

P value P < 0.0001
EQ-5D visual analogue scale (VAS)

L-dopa baseline score

APO treatment score 65.67 £ 20.86

Treatment effect 15.28 + 22.11

P value P < 0.0001
EQ-5D-3L index score

50.38 £+ 21.28

L-dopa baseline score 3.430 £ 1.51
APO treatment score 2.18 + 1.60
Treatment effect 1.11 +£1.72

P value P < 0.0001
Hoehn and Yahr stage

Pre-APO score (during OFF) 2.79 + 0.66
15 minutes post-APO (during ON) 2.31 +0.54
Treatment effect 0.48 + 0.58

P value P < 0.0001
UPDRS motor score

Pre-APO score (during OFF) 35.53 +£ 9.79
15 minutes post-APO (during ON) 17.32 + 8.81
Treatment effect 18.22 + 8.80
P value P < 0.0001

APO, apomorphine; FAS, full analysis set; CGI-S, Clinical Global
Impressions of Severity; PGI-S, Patient Global Impressions of Sever-
ity; UPDRS, Unified Parkinson’s Disease Rating Scale.

Discussion

The results of this open-label study demonstrate that apomor-
phine injection significantly reduced time-to-ON in advanced
PD patients experiencing morning akinesia resulting from a
delayed onset of effect or no effect with their morning L-dopa
dose, and the injection was well tolerated in most patients.
These patients experienced a prolonged time-to-ON with their
morning r-dopa dose—averaging an hour. The reduction in
time-to-ON (mean reduction of 37.14 minutes) was clinically

doi:10.1002/mdc3.12350
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TABLE 3 AEs Leading to Discontinuation (Safety Population)

Preferred Term* Frequency; n (%) (N = 127)

ALL 23 (18.1)
Hypotension 8 (6.3)
Nausea 7 (5.5)
Vomiting/retching 7 (5.5)
Dizziness 7 (5.5)
Yawning 3(2.4)
Orthostatic hypotension 3 (2.4)
Syncope** 2 (1.6%)
Hyperhidrosis 2 (1.6%)
Hot flush 1 (0.8%)
Confusional state 1 (0.8%)
Somnolence 1 (0.8%)
Loss of consciousness** 1 (0.8%)
Dyskinesia 1 (0.8%)
Fall 1 (0.8%)
Fatigue 1 (0.8%)

Vision blurred 1 (0.8%)

*More than one reason for discontinuation could be given for
patients who could not tolerate the 2-mg dose during titration.
**One subject who had received a single 2-mg dose of apomor-
phine reported both “loss of consciousness” and “syncope”; the
same subject also experienced vomiting, dizziness, and hypoten-
sion listed as severe AEs leading to discontinuation.

AEs, adverse events.

relevant, as evidenced by the significant improvements in
patient-driven scales of quality of life and global impression.

Early morning akinesia is often cited as one of the first
L-dopa complications that the patient recognizes when awaken-
ing."? An observational study conducted in Europe showed that,
when consecutive PD patients are specifically questioned about
their morning function, <60% report having OFF periods in the
early morning.'* However, despite this high prevalence, the
results of the present study suggest that it often remains poorly
recognized and undertreated despite the frequent use of oral
adjunctive medications. Patients had experienced morning aki-
nesia for an average of 4 years, even though movement disorder
specialists were treating all patients and the majority was receiv-
ing adjunct therapy with dopamine agonists, COMT, and/or
MAO-B inhibitors.

After taking their first morning 1-dopa dose during the 7-day
baseline period, >40% of patients had at least one “dose failure”
pragmatically defined as failure to turn ON within 60 minutes
of dosing. This probably reflects delayed gastric emptying of 1-
dopa into the proximal intestine where it is absorbed (protein
was unlikely to be present in the intestine on awakening). It has
also been postulated that with slower gastric emptying, more L~
dopa may be metabolized by amino acid decarboxylase in the
gastric mucosa’ into dopamine.

The prevalence of dose failures was unexpectedly high, and
further study of the frequency of L-dopa dose failures in fluctu-
ating patients is warranted. Dose failures were much less com-
mon with apomorphine treatment, and the mean time-to-ON
with apomorphine subcutaneous injection was around 24 min-
utes, suggesting gastrointestinal dysfunction may underlie dose
failures. Almost all subjects (95.5%) showed improvement in
time-to-ON, which mirrors the 95% response rate in previous
studies.'” The motor effect of apomorphine was also shown as
reliable, with significant improvements in Hoehn and Yahr and

82 MOVEMENT DISORDERS CLINICAL PRACTICE

UPDRS motor scores paralleling the effect of t-dopa. Although
not directly assessed, improvement in morning akinesia seems
likely to be clinically relevant to patients, and to allow them,
for example, to get more safely out of bed, to perform their
usual morning routine, and to get on with their day. Indeed, it
is of interest that patients consistently rated both their baseline
disease severity as worse and their degree of improvement with
treatment as greater as compared to investigator-rated GI-S.
This suggests that patients consider morning akinesia a more
significant problem than might be currently recognized in clini-
cal practice.

No novel AEs were reported during the apomorphine titra-
tion phase or in the rest of the study. Of note, 7 of the 20
patients who discontinued because of an AE in the titration
phase were not able to tolerate the 2-mg dose. Moreover, half
of the patients (n = 10) who discontinued because of an AE
came from just one site, indicating a relevant site effect in terms
of AEs. Site effects were not apparent in the efficacy reporting;
results for the safety population were similar to those seen with
the FAS (all outcomes were significant at the 5% level). As
might be expected, the most common reasons for patients dis-
continuing were nausea, vomiting, and hypotension. A study of
trimethobenzamide to control nausea and vomiting during initi-
ation and continued treatment with subcutaneous apomorphine
injection showed that 16% of patients pretreated with
trimethobenzamide experienced nausea and/or vomiting when
titrating apomorphine. 15

Limitations of this study include its open-label design and the
pragmatic definition of “dose failure” in which all patients who
did not turn ON within 60 minutes had their time-to-ON
imputed to 100 minutes. This was an arbitrary threshold and it
is possible that this imputation strategy might have led to over-
estimation of the mean time-to-ON in 1-dopa (if patients
turned ON within 60—100 minutes) or, conversely, an underes-
timation (if patients turned ON after >100 minutes). The study
was designed to evaluate the time to onset of apomorphine
response in patients with morning akinesia and as such does not
fully reflect clinical practice in which intermittent subcutaneous
apomorphine injections can be added on to oral PD treatments
throughout the day.'® Indeed, patients with morning akinesia
may well benefit from a combination of subcutaneous apomor-
phine injection (for rapid relief) with oral L-dopa (for longer
duration of effect). Finally, the study was conducted under U.S.
labeling conditions and might therefore not fully represent the
clinical situation in other countries. For example, higher doses
<10 mg apomorphine are licensed in Europe, and the antie-
metic domperidone is considered the preferred prophylactic
treatment for use concomitantly while introducing apomor-

16 Alternative

phine, but it is not available in the United States.
delivery systems of L-dopa or apomorphine might also improve
time to ON during off episodes such as morning akinesia, but
these are not registered for use in the United States.

In summary, subcutaneous apomorphine injections were
found to provide a rapid and reliable ON state for patients with
morning akinesia, presumably as a result of avoiding gastroin-

testinal delivery and absorption. In addition to reversing OFF
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episodes, apomorphine injections have clinical utility in improv-
ing early morning akinesia by providing rapid and reliable turn-
ing-ON when used during awakening.
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